Kinetic analysis was done on chitinase E3 (EC 3.2.1.14) from yam, Dioscorea opposita Thunb, using both series of /V-acetylchitooligosaccharides (GlcNAc,,, /i=2 to 6) and />-nitrophenyl Nacetylchitooligosaccharides (pNp-GlcNAcM,n = 1 to 5) as substrates. The enzyme cleaved GlcNAc3to GlcNAc plus GlcNAc2, GlcNAc4 to two molecules of GlcNAc2, GlcNAc5 to GlcNAc2 plus GlcNAc3, and GlcNAc6 by three ways to GlcNAc plus GlcNAc5 (32 %), GlcNAc2 plus GlcNAc4 (42 %) and two molecules of GlcNAc3 (26%). The speed of the reaction was observed in the following order, GlcNAc4 > GlcNAc5 > GlcNAc6 > GlcNAc3. Stronger substrate inhibition was observed in the longer chain substrates. The reactions of pNp-GlcNAcn(n = 1 to 5) were similar to those of GlcNAcM(n = 2 to 6), respectively.
Yamchitinase is good for releasing protoplasts from basidiomycetes,1* and is resistant to allosamidin, which is a specific inhibitor of insect chitinase.2) These characteristics are different from insect chitinases, and the differences seem to be related to their roles in physiology. In insects, two types ofchitinolytic enzymes, chitinase and /?-N-acetylglucosaminidase, act cooperatively in ecdysis,3) while the physiological role of plant chitinase is selfdefense against chitin-containing invaders such as plant pathogens and pests.45) It is easily expected that the reaction pattern and substrate specificity of yam chitinase are different from those of other chitinases.
In this study, we did a kinetic analysis on chitinase E3 from yam using both series of 7V-acetylchitooligosaccharides and pNp-Nacetylchitooligosaccharides, and discussed the cleavage patterns and sites. 3121 
Materials and Methods

Materials.
N-Acetylchitooligosaccharides (GlcNAcn, n= 1 to 6) were prepared from crab chitin (a generous gift from Katakurachikkarin Co., Ltd., Tokyo) by the method HPLC, high performance liquid chromatography; pNp-GlcNAcw, /7-nitrophenyl N-acetylchitooligosaccharides. cubated at 25°C. After an appropriate time (10 to 90 min), the reaction was stopped by boiling for 5min. A 10-/il portion of the reaction mixture was injected into a Tosoh TSK Gel G2000 PW column (0.75 x60cm) with Tosoh TSK PWL Guard column (0.75 x 7.5cm) as a first column, and eluted with distilled water or 10% ethanol, or injected into a Shimadzu PNH2-10column (0.45 x 25 cm) andeluted with 85% ethanol. The iV-acetylchitooligosaccharides eluted were monitored at 210nm.9) Kinetic analysis. Kinetic parameters were calculated by the non-linear optimization method described elsewhere10) with a NEC ACOS-850 computer (Yamaguchi University).
Results
Substrate specificity and cleavage pattern
To investigate the substrate specificity and cleavage pattern, the enzymatic reactions were done with GlcNAc,, (n=2 to 6) as the substrates. The results are shown in Table I To locate the cleavage site, pNp-GlcNAcn (rc=l to 5) were used as the substrates.
The results are shown in Table II . The speed of the reaction was observed in the following order, pNp-GlcNAc4>pNp-GlcNAc5>pNp-GlcNAc3 >pNp-GlcNAc2. pNp-GlcNAc was not cleaved. An endo-type cleavage pattern was observed except for pNp-GlcNAc2which was cleaved very slowly to GlcNAc plus pNp- pNp-GlcNAc (P-I) 0 The reactions were done as described in Table I actions of the longer chain substrates at the low concentration of the enzyme (40nM). However, it decreased or disappeared at the high concentration of the enzyme (100 or 160 nM). The kinetic parameters calculated by the non-linear optimization method are shown in Table III . The Kmdecreased as the substrate chain length increased, while the kcat was not dependent on the chain length. A high kcat was observed in GlcNAc4. The relationships between the overall reactions (kcJKm) and the chain lengths reflected the initial velocities indicated in Table I .
From the results of enzymatic reactions, it was found that yam chitinase E3 cleaves both GlcNAcn («= 3 to 6) and pNp-GlcNAcw (w=2 to 5). The reaction products suggest that yam chitinase is a random-type hydrolytic enzyme. GlcNAc4was cleaved in a specific way to two molecules of GlcNAc2. However, there are somecleavage waysin the reactions of other substrates as indicated in Table I . From the reaction products of GlcNAc6, it may be easily seen that the substrate is cleaved in three ways, namely to GlcNAc plus GlcNAc5, GlcNAc2 plus GlcNAc4and two molecules of GlcNAc3. However, there are two further possible ways for the cleavage reaction producing two hetero-products such as GlcNAcn and GlcNAcm (n^m). This should be also considered in the cases of GlcNAc3 and GlcNAc5.
The results of the reactions of pNp-GlcNAcn (n=1 to 5) may be useful to find the cleavage site of N-acetylchitooligosaccharides. As shown in Table II , the cleavage of pNpGlcNAc2occurred at a specific site, the second linkage from the reducing end. Therefore, it may be deduced that the cleavage site of GlcNAc3 is the second linkage from the reducing end. Comparing with the reaction pattern of pNp-GlcNAc4, it may be deduced that the main cleavage site of GlcNAc5is the third linkage from the reducing end. However, the difference in conformation between p-nitrophenyl and GlcNAc moieties should be taken into consideration.
Since /?-nitrophenol was not released in all cases, it is thought that the first /M,4-linkage from the /?-nitrophenyl moiety at the reducing end would not be cleaved. It may be deduced that the /?-nitrophenyl moiety is not bound to the binding site adjacent to the reactive site, or that at least one GlcNAc moiety is required for binding to the binding site at the reducing end. In the case of GlcNAc6, /7-nitrophenol or GlcNAc was not released from pNp-GlcNAc5 although GlcNAc was released in the reaction of GlcNAc6. It may be deduced that the GlcNAc released from GlcNAc6is the moiety at the re-3125 ducing end, and that the corresponding pnitophenyl moiety of pNp-GlcNAc5 is not cleaved for its steric hindrance. Two cleavage ways of GlcNAc6 to GlcNAc2 plus GlcNAc4 may be possible as indicated in Table I , because pNp-GlcNAc5 was cleaved in two ways to GlcNAc2 plus pNp-GlcNAc3 and GlcNAc4 plus pNp-GlcNAcwith the ratio of about 7 : 4. However, it is still difficult to decide which linkage is preferential, because the effect of /?-nitrophenyl moiety on the binding is unknown. Comparing the cleaving rate of GlcNAc4 with that of pNp-GlcNAc3, it may be deduced that the /7-nitrophenyl moiety strongly inhibited the reaction. It is suggested that the conformation is very crucial for the substrate to be recognized and bound to the binding sites adjacent to the reactive site. Therefore, some care is needed to decide the cleavage sites of Af-acetylchitooligosaccharides from the results of the reactions of /7-nitrophenyl iV-acetylchitooligosaccharides. The cleavage sites estimated as mentioned above are shown in Tables I and II, With respect to the substrate specificity, a faster reaction was observed in GlcNAc4rath-er than GlcNAc5 or GlcNAc6 (Table I) . The reaction velocity may be due to the probability of formation of the productive enzymesubstrate complex or to the degree of the affinity. However, as the substrate chain length increased from 3 to 6, the Kmdecreased and the affinity increased. (Table III There is also a difference in the cleavage pattern of GlcNAc6 between yam chitinase and the insect enzymes. The insect chitinases cleave GlcNAc6 by only two ways to GlcNAc2plus GlcNAc4and two molecules of GlcNAc3, while yam chitinase does by three ways to GlcNAc plus GlcNAc5 in addition to the above two ways. (Table I ) These differences in the enzymatic reaction between yam chitinase and the insect chitinases seem to be related to those in molecular size. The molecular weight of yam chitinase is 33.5 kDa,7) while those of the insect chitinases are about 50 to 85 kDa.n' 12) The different characteristics in enzymatic reaction maybe due to their physiological roles. Yam chitinase acts in selfdefense against plant pathogens (Koga et al, unpublished data) like other plant chitinases,4'5) while insect chitinase acts in ecdysis.3) Therefore, plant chitinase may have a wide substrate specificity, while insect chitinase may have a strict one with high activity.
